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f l. I n t r o d u c t io n
The era of h igh-tem peratu re  superconductivity  began with the discovery of 
superconductiv ity  in L a-B a-C u-0  system  around 30K by Bednorz and M uller
[l]. Such a high value of transition  tem pera tu re  (Tc) in a m aterial which is a 
very bad conductor came as a big surprise. The parent m aterial La2CuO 4  is 
an insu lator and exhibits long-range antiferrom agnetic (A F) ordering. W ith  
doping {La is su b stitu ted  with B a /S r)  th e  long-range AF order is destroyed, 
the A F tran sitio n  tem p era tu re  (T/v) decreases rapidly in La2^ xSrxCuOi from 
240K to zero as x increases from  zero to  0.03. At x ~  0.05 an insulator-to- 
le ta l tran sitio n  takes place and superconductiv ity  occurs in the vicinity of the 
le ta l-in su la to r (M -I) transition . T he superconducting transition  tem pera tu re  
(Tc) increases w ith  doping, reaches a m axim um  around x =  0.15 and then
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decreases. Tc becomes zero for x >  0.23 [2]. Subsequent efforts in  search of new 
high-Tc m aterials led to  the  discovery of superconductiv ity  in  YBa2Cu30 7-s 
system  atound  90K [3], in Bi-Sr-Ca-Cu-0 system  [4] w ith m axim um  Te (Tem) 
around 1 1 0 K (in Bi-2212 sam ple), in Tl-Ba-Ca-Cu-0 system  [5], w ith  Tcm 
around  125K (in Tl-2223 sam ple) and  in Hg-Ba-Ca-Cu-0 system  [6 ] with 
Tcm around 135K (in Hg-1223 sam ple). U nder high pressure (150 kB ar) Tcm in 
HgBa2Ca2Cu30 B+s system  rises to  150K [7]. In tab le  I a  list of the  high-Tc 
m aterials w ith corresponding Tc (a t am bient pressure) is given.
T a b le  1. High-Tc cupra te  oxide system s w ith corresponding 
num ber of Cu02 planes (n ) and tran sitio n  tem p era tu res  (Tc).
System 71 Nomenclature ' TC(K)
\
La2- x(B a /S r)xCuOt l La:214 38
Y B^Cu^Oj^s 2 Y:123 90
B i2ST2Can- XCun04+2n
71 =  1 1 Bi:2201 2 0
71= 2 2 Bi:2212 85
n =  3 3 Bi:2223 1 1 0
T l2Ba2Can- XCunOA+2n
71 = 1 1 T l : 2 2 0 1 80
n =  2 2 T l : 2 2 1 2 108
71 =  3 3 Tl:2223 125
T liB a 2Can- \C u n03+2n
n = 1 1 T l : 1 2 0 1 50
71 = 2 2 Tl:1212 80
71 =  3 3 T1U223 1 1 0
II£ 4 Tl:1234 1 1 2
Hg\ BQ2CQ,n—\CUn0 2+2n+z
n =  1 1 Hg:1201 94
n =  2 2 Hg:1212 128
n =  3 3 Hg:1223 134
II. Crystal Structure
All the  high-Tc cuprate  oxide system s have layered stru c tu re  w ith  C u02 
planes. T he sym m etry is e ither tetragonal or o rthorhom bic. T he s tru c tu re  of
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LaiCuO4  is body-centered tetragonal (K 2NiF4 type) and consists of layers of 
i Cu02 and  LaO. E ach C u-ion is surrounded by six oxygen ions which form an 
elengated oc tahedron .
T he s tru c tu re  of YBatCuaOr-s system  consists of layer sequence Y-Cu02- 
Ba0-Cu0~Ba0-Cu02-Y. Each Cu-ion. in  the  Cu02 plane is surrounded by 
five oxygen atom s (four in th e  p lane and one in th e  BaO layer), which form  a 
pyram id around  the  C u-ion. In C uO  layer, there are oxygen vacancies. For 6 
< 0.5 (in YBa2Cu30 7-s) th e  oxygins in C uO  layers are ordered to  form C uO  
chains, th e  corresponding s tru c tu re  is orthorhom bic. For S >  0 .5 , the oxygen 
atom s a re  disordered and  the  s tru c tu re  is tetragonal.
T he s tru c tu re  of Bi2Sr2Can- 1Cun02n+4 system  is body- centered tetrago ­
nal having stacking sequence BiO-BiO-SrO-Cu02-(n -  l)x(Ca-Cu02)-SrO- 
BiO-BiO. T he  s tru c tu re  of Tl2Ba2Can-\Cun02n+4 is sim ilar to  th a t of 
Bi2ST2Can-iC u n02n+4 w ith  TIO and BaO layers in place of BiO and StO 
layers. T he s tru c tu re  of HgBa2Can-iC un02n+2+x is te tragonal and sim ilar 
to  th a t o f TlBa2Can-iCun02n+3 system  with HgO layers tak ing  place of TIO 
layers and  p a rtia l oxygen vacancies in HgO layers.
III. Common characteristics of high-Tc cuprate oxide families
T he high-Te cu p ra te  oxide system s are very different from  conventional 
superconductors. Some of the  basic features are given below :
(i) Quasi two — dimensional conducting planes : All high-Tc cuprate  
oxide system s have C u02 planes and it  is established th a t the  conduction 
takes place in  these planes whereas the  o ther layers act as charge reservoirs.
(it) Strong anisotropy : C u p ra te  oxide superconductors exihibit strong 
directional anosotropy. T he resistivity  along the  c- direction (pe) is much larger 
th an  th a t  in th e  ab p lane (pab)- Pci Pah ~  102 - 1 0 3  in Y —123 system  and ~  10s 
in  Bi -  2212 system . T he high value of pe indicates th a t  the  conduction takes 
place m ainly  in th e  a 6  p lane. T he  tem p era tu re  dependence of pe and  pab are 
also different. For m ost superconducting  sam ples pa\, shows m etallic behavior 
w ith linear varia tion  w ith  T  w hereas pc exh ib its sem iconducting like behavioT 
w ith exponential rise as th e  tem p era tu re  is lowered. I t  should, however, be 
noted th a t  th e  ra tio  pc/pab decreases w ith  increasing carrier concentration and 
for overdoped region b o th  pc and  pab show m etallic  behavior w ith alm ost same 
tem p era tu re  dependence [8 ].
(*ti) Linear temperature dependence of the resistivity : T he  resistivity
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pah of the  high-Tc oxide sam ples shows a  linear varia tion  w ith tem perature I 
over a  wide range of tem p era tu re . In conventional m etals a t low tem peratures I 
p oc T 5  for electron-phonon scattering  w hereas p oc T 2  for electron-electron 
scattering . A t high tem p era tu re  p oc T b u t a t very high tem p e ra tu re  th e re \ 
is a  sa tu ra tio n  in resistivity. B u t in high-Tc cupra te  oxide system s a  linear i 
variation of pab w ith tem p era tu re  is seen a t as low tem p e ra tu re  as 1 0 K to  as 
high tem p era tu re  as 600K (in  Bt-2201 system ). T his behavior is unusual as 
com pared to  conventional m etals.
(tv) Short coherence length : High-Tc oxide superconducto rs have very 
short coherence length . ~  15-20 A and £c ~  2-3 A w hereas in Conventional 
superconductors £ is m ore th an  1000 A. Such short coherence leng th  in  high-Tc 
m aterials suggests form ation of local pairs. \
(u) Anomalous isotope e f  feet : In itia l m easurem ents of iso tope-shift ex­
ponent ( a )  on high-Tc cuprates show th a t  isotope effect is negligible, a  was 
found to  be less than  0.1 for 1/0-214 system s and  less th an  0.05 for V-123 
system . T hese results led to the  belief th a t  phonons are no t p laying any sig­
nificant role in the  superconductiv ity  of cuprates. Subsequent m easurem ents 
on a have changed th e  situation . Now, it is established th a t  in all cuprate 
oxides a  is m inim um  at op tim um  doping w hen Tc is m axim um , a  is large for 
underdoped  and overdoped system s when Tc is lower. For Xa-214 system  a  ~ :
0.8 and for F -123  system  a ~  0.5 have been observed for properly  underdoped 
sam ples [9 ].
(tu)[ Value of the gap parameter and symmetry o f the gap : T h e  ratio 
of the  gap p aram eter to  Tc is found to  be m uch larger th an  the  BCS value 
(3.52) in the  ab-plane (2A 0 j,/fcflTc ~  5-7) while th e  gap along th e  c-direction is 
sm aller (2Ac/Icb Tc ~  3.5). Recent m easurem ents [10] have confirm ed th a t  the 
gap in the  ab-plane is also anisotropic. T he gap along th e  diagonal direction in 
the  m om entum  space (kx =  kv) is very sm all. This suggests th a t  the  sym m etry 
of th e  superconducting  gap is e ither d-wave or highly anisotropic s-wave.
{vii) Absence of Hebei — Slichter peak in NM R relaxation rate : In 
conventional superconductors N M R relaxation  ra te  shows a peak  below the 
tran sitio n  tem p era tu re . The phenom enon can be explained well w ith in  the 
BCS weak coupling theory. In  high-Tc cuprates no such peak is observed in 
NM R relaxation  ra te .
IV. Theoretical understanding -  a overview
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T heoretical un d erstan d in g  of the  microscopic m echanism  of pairing in high­
ly  superconductors is one of th e  challenges of th e  m odern theory  of condensed 
m a tte r  physics. T he  high tran sitio n  tem p era tu re  and  anom alous norm al s ta te  
p roperties  of cuprates cannot be  understood from a conventional theory. A 
num ber of theore tical m odels have been developed to  describe the  properties 
of high-Tc m aterials; still no com m on concensus has been reached on the  m ech­
anism  of superconductiv ity . M any of the  norm al s ta te  properties show th a t 
the  system  is strongly correlated . In th e  following I describe in brief why a 
H ubbard  m odel is considered to  contain th e  basic physics of high-Tc system s 
and th en  a  few m odels of superconductiv ity  are discussed.
A nderson and  his group [11] first realized th a t the  strong correlation is 
playing a  m ajor role in determ ining the  properties of high-Tc. cuprate  sys­
tem s and a  single-band H ubbard  m odel m ight be the sim plest ham iltonian to  
describe th e  basic physics of cuprates.
T he  paren t m ateria l La^CnO* contain one hole per Cu-ion and is an anti- 
ferrom agnetic insulator. U nder d o p in g th e  num ber of holes in the  C uC V planes 
increases, the  A F order d isappears rapidly w ith the  increase in hole concen­
tra tio n  and then  th e  m ateria l becomes a  superconductor in the  vicinity of a 
m etal-insu la to r transition .
T he  copper ions in the  undoped m aterial is in C u2+ sta te  having 9 elec­
trons in the  five d-orbitals. T he  degeneracy between the d-orbitals is removed 
by the  crystal-field produced by the  oxygen ions surrounding a  Cu-ion. It can 
be shown th a t the  s ta te  w ith h ighest energy has the dx?_y7 character and it 
carries th e  n in th  electron (or a  hole). T he o ther orb itals w ith lower energies 
are filled. In  absence of any correlation th e  half-filled dxi _ya band should give 
rise to  a  m etallic  behavior. However, the  undoped m aterials are insulators 
(even above the  m agnetic tran sitio n  tem p era tu re ) w ith long-range antiferro­
m agnetic ordering showing th a t correlations are very strong. T he sim plest 
way to  describe th e  strong  correlation is to  use the one-band H ubbard  m odel, 
in which th e  strong  on-site correlation U restric ts the  double occupancy in 
the  system . For sufficiently large U a  single-band splits in to  two H ubbard 
6 ub-bands sep ara ted  by th e  M ott-H ubbard  gap. It is believed th a t the  lower 
H ubbard  sub-band  is filled w hereas th e  upper one is em pty for the  undoped 
system  (for which n  =  1, where n is th e  num ber of electrons per site). As a 
result th e  system  behaves like an insu lator. Strong correlation also leads to  
an  effective antiferrom agnetic  in te rac tion  th rough  v irtua l hopping of electrons
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betw een singly occupied sites in th e  system .
In real system s, however, th e  Cu-dxj _„j and 0  -  pz/v bands are  strongly 
hybridized. T he add itional hole, in troduced  by doping, go m ainly to  th e  oxy­
gen site. This has led to  a  controversy w hether an effective single-band m odel 
can describe the  basic physics of the  high-Tc system s or an  explicit s tudy  of 
two- or th ree-band  m odel is necessary. Zhang and Rice [12] argued th a t  a  hole, 
upon doping, resides on the  square of the  oxygen atom s and couples strongly 
to  a  central C u-spin form ing a  local singlet. T he hopping of oxygen holes now 
appears to  be equivalent to  the  m otion of the  singlets betw een th e  respective 
two nearest neighbors C u-sites. They showed th a t, under th is s itu a tio n , the 
ham ilton ian  describing charge and spin m otion is the  effective ham ilton ian  of 
the  single-band H ubbard m odel in the  large U lim it - th e  so called t^J model. 
Schem atically th e  an tibond ing  band  (which is m ainly of d-character) splits into 
two H ubbard  sub-bands. T he non-bonding and x-bonding  bands (m ainly of p- 
character) lie in betw een these two H ubbard  sub-bands. For th e  undoped  sys­
tem  (n  =  1 ) th e  upper H ubbard  (antibonding) band  is em pty  while th e  o ther 
bands w ith lower energies are filled. T he gap to the  charge excitation  is then  
the charge transfer gap, the  energy difference betw een the  nonbonding band 
and the  upper H ubbard  band , which is much less th an  th e ^ lo t-H u b b a rd  gap 
(energy difference betw een lower and upper H ubbard subbands). W hen add i­
tional holes are in troduced  by doping it goes to the  nonbonding (x-bonding) 
band of p-character, as suggested by experim ents.
T he th ree-band  m odel of high-Tc system s m ay th en  be m apped  in to  an 
effective single-band H ubbard  m odel where an effective Coulom b repulsion 
( Utf j ) m im ics th e  charge-transfer gap. T he  sim plest H u bbard  ham ilton ian  is 
w ritten  as
H  — t  C j, +  (1 )
where t is the  hopping in tegral between nearest-neighbor site and Utj j  is the  
effective on-site repulsion. W hen Uej j  >> t and T ,.n o  doubly-occupied sites 
occur- in the  system  for n < 1  and  allowed hopping processes are th en  : (i) 
real hopping of holes and (it)  v irtua l hopping of electrons (or holes) in betw een 
two singly-occupied sites. T he H ubbard  ham ilton ian  is reduced to  th e  (t -  J) 
m odel under such situa tion
H = - t  +  j  Y lS iS j  -  (1 /4 ) niiij) (2)
t] i j
where J =  At2/Uejf.  As m entioned above the first term  in Eq. ( 1 ) describes 
m otion of holes in the  correlated space and second term  describes the  antifer­
rom agnetic in teraction  induced through v irtual hopping.
A. Resonating Valence Bond (RYB) Theory
For n  =  1  the  kinetic term  in Eq. (2) is freezed out and th e  ham iltonian 
becomes ju s t a  spin Heisenberg ham iltonian. Anderson first suggested th a t for 
n =  1  the  ground s ta te  of Eq. (2 ) for a  two-dimensional square la ttice  is not a 
classical Neel s ta te  bu t a  quantum  spin liquid or resonating valence bond sta te . 
A single valence bond is a  singlet s ta te  constructed from any pair of opposite 
spins, which need not be nearest neighbors in general. T he RVB ground s ta te  
corresponds to  a  coherent superposition of all possible configurations of valence 
bonds. Such a s ta te  has no long-range order (even no short-range order). An 
electron a t a  site  will not show up its spin as long as its spin is paired with 
an opposite spin a t o ther site, because, under this situation  no site has fixed 
spin direction.
For the  undoped m aterial (T 0 2 CUO4 ) Anderson [11] proposed as early as 
1987 th a t the  ground s ta te  should be a RVB sta te . However, la tte r  experim ents 
reveal th a t  the  system  exhibits a  long-range A F order. So, the  RVB 6 ta te  is 
not the  lowest energy s ta te  for the  undoped m aterial. W ith  addition of holes 
the AF order is destroyed very rapidly and Anderson and his coworkers [13] 
proposed th a t th e  RVB sta te  is relevant in th e  m etallic phase where there 
is no long-range order and the  short-range order is suppressed. In  the  RVB 
background spin and charge degrees of freedom are decoupled and the  quasi­
particle excitations are spinons and  holons. A holon carries th e  charge and 
a spinon the  spin. A physical hole corresponds to  a  com bination of a  holon 
and a  spinon. A nderson’s group suggested th a t the resistivity in the a 6 -plane 
of cuprates is due to  th e  scattering  of holons by spinons. T he density of spin 
excitations (spinons) grows linearly w ith  T. So pab is p roportional to  T . For 
the charge conduction along th e  c-axis a  holon and a  spinon should combine 
to  form a  physical hole, which m ay th en  hop along the  c-direction to  the  next 
layer. T he probability  of recom bination of a  holon and a  spinon is p roportional 
to  th e  spinon density and thus proportional to  T . So conductivity  along c-
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direction  is p roportiona l to  T , hence pe «  1/T.
T h e  m etallic  behavior in  the  ab-plane and the  sem iconducting-like behavior 
along th e  c-direction m ay, th u s, be  explained w ith in  th e  RVB theory. However, 
th e  tem p era tu re  dependence of pc in high-Tc m aterials changes w ith  increasing 
carrier density and  pe shows m etallic  behavior in th e  overdoped region. In  fact 
th e  credibility  of th e  RVB theory  lies on th e  tw o-dim ensionality of th e  system  
and  dom inance of th e  po ten tia l p a rt (second term ) in Eq. ( 2 ) th a n  th e  k inetic 
p a r t  (first te rm ). W ith  increasing carrier concentration the  in terlayer coupling 
increases (as evident from the  decrease of the  ratio  pc/pab) and the  kinetic term  
also becom es dom inant. T his restric ts the  applicability  of th e  RVB theory. A 
RVB description is m ost likely to  be relevant in the  low-doping regime
B . M e a n  F ie ld  a n d  N u m e r ic a l  S tu d ie s  o f  t h e  t -  J m o d e l
T he  exact solution of the  H ubbard  m odel is no t known for m ore th an  
one dim ension and general filling. M ean-field results are generally useful un ­
der such situations. T he basic problem  in dealing Eq. ( 2 ) is to  tackle the  
restric ted  hopping im posed by the  strong local constra in t in the  correlated  
space. No exact m ethod  is available to tre a t the  restrc ted  hopping and gen­
erally  th e  renorm alized ham iltonion m ean-field approach [14-16] based on the  
G utzw iller approxim ation [17] or th e  slave-boson technique [18] or the  X- 
o p era to r approach [19,20] is used to  handle th e  constra in t. In  the  renorm alized 
ham ilton ian  approach (RH A ) and in the  mean-field slave-boson technique the  
local constra in t is replaced by an average global constra in t. T he effect of cor­
relation  shows up m ainly in the  effective m ass, otherw ise the  system  behaves 
as an uncorre la ted  one. In the  X -o p era to r technique, on th e  o ther han d , the 
local constra in t is im posed ra th e r strictly. T he  p o ten tia l energy p a rt  in th e  
t-J m odel (second term  in Eq. 2) leads to  in teractions betw een quasiparticles 
which, in m ean-filed theory, resu lt in a  superconducting  ground s ta te  w ith 
ex tended  singlet pairing. M any au tho rs [14-16,18-22] have stud ied  supercon­
ductiv ity  in the  t-J and  t-J-v m odels w ithin the  m ean-field theories
H = - t  £ c j , C j »  +  J ^2{SiSj -  (1 /4 ) n ,n j)  — v £ ( 3 )
t) i] ij
where v is an add itional in te rsite  a ttrac tiv e  in teraction  between charge carri­
ers. In  general, it m ay arise th rough  the  polarization of a  bosonic field in th e  
vicinity o f th e  charge carrier when a  linear coupling betw een th e  bosonic filed
9and the  electron num ber o p era to r exists. T he bosonic field m ay be phonons, 
excitons, acoustic plasm ons, m agnons, etc. T he in teraction  v acts as an addi­
tional channel for superconductiv ity .
T he t-J and  th e  t-J-v m odels have been studied extensively w ithin the 
RHA [14-16,21] and the  X -o p era to r technique [19,20,22]. T he RHA predicts 
d- wave superconductiv ity  for a  wide range of hole concentrations s ta rtin g  from  
zero hole concentration (x =  1  -  n =  0 ), and extended s-wave for low-electron 
concentrations (n  ~  0). A t x =  0, the  RHA predicts a  high value of the 
transition  tem p era tu re  which is an artifact of the  approxim ation.
The X -o p era to r technique pred icts extended s-wave superconductiv ity  for 
low-hole concentrations (x ^  0 ) as well as for low-electron concentrations
(n ~  0 ) and d-wave pairing for a  wide range of in term ediate  hole concentra­
tions.
T he X -o p era to r predictions for superconducting phase diagram  and nor­
mal s ta te  properties are much m ore consistent w ith the experim ental results 
of h ig h -rc oxide system s th an  th a t predicted by the RHA [19,20].
F inite size clusters of the  t-J model have been analyzed extensively by 
exact diagonalization and variational M onte Carlo technique. These studies 
indicate th a t  several of the  anom alous norm al s ta te  properties of the cuprate  
superconductors could be accounted for by the t-J model. Recent num erical 
studies [23] for the  superconducting  correlations predict a  d-wave supercon­
ductivity for a  wide range of electron concentrations and a transition  to  s- wave 
superconductivity  is observed on decreasing the  electronic density (n  < 0 .2 ). 
Near half-filling (n  ~  1 ) no robust signals of a superconducting phase is ob­
tained. In fact, for low-hole concentrations it is very difficult to  identify a 
superconducting ground s ta te  using finite clusters because a  few num ber of 
pairs are available [23].
C . v a n  H o v e  S in g u la r i ty  S c e n a r io
Correlation induced m echanism  or any electronic m echanism  cannot ac­
count for the  isotope effect in high-Tc system s. Large values of the  isotope-shift 
exponent ( a )  have been observed in some superconducting sam ples a t p roper 
doping [9]. T his suggests th a t  phonons are also playing an im p o rtan t role in 
the m echanism  of high-Tc superconductivity . M any workers [24,25] have been 
studying th e  van Hove scenario, which is based on the BCS phonon-m ediated  
pairing, to  explain the  anom alous properties of high-Tc system s. I t is known
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th a t presence of a van Hove singularity (VHS) in the density of s ta tes (D O S) 
enhances the BCS transition tem perature when the Fermi level is a t or near 
the VHS point. A two-dimensional system  has at least one VHS in th e  DOS. 
The credibility of the VHS scenario lies on the quasi two-dim ensional s tru c tu re  
of the cuprates and the observation th a t the Fermi level is in th e  vicinity of 
the VHS point of the DOS for optim um  doping (a t which Tc is m axim um ). 
Tsuei et al. [24] first pointed out th a t the anomalous isotope effect in La-214 
system may be qualitatively explained within the VHS scenario. Sarkar and 
Das [25] studied the isotope-shift exponent, pressure coefficient of Te and  th e  
superconducting gap to Tc ratio exactly within the  VHS scenario, a  an d \th e  
pressure coefficient of Tc show low values (minim um  for a )  a t optim um  doping 
and larger values for underdoped systems. The behavior agrees q u a lita tiv W  
with experimental results. However, a min is found to  be much larger th an  
that observed experimentally. The gap to  Tc ra tio  is close to  the  BCS value. 
So only a VHS in the DOS cannot explain the properties of high-Tc system s.
D. Interlayer Pair Tunneling Mechanism
♦
Anderson and his group [11,13,26] proposed th a t in high-Tc cu p ra te  su­
perconductors, which are described by the 2-D t-J m odel, the  charge and the  
spin degrees of freedom are decoupled. Because of charge-spin decoupling sin­
gle electron hopping between two CuOi planes is suppressed. However, the  
second-order processes in interlayer hopping do not leave any unpaired  spin 
in a layer and are not suppressed. In the language of spinons and holons the  
interplane coupling causes pairs of holons to hop between layer by creating  or 
annihilating spinon pairs. I t should be rem embered th a t a  pa ir of holons is 
equivalent to a pair of (real) holes in the singlet state . Anderson has proposed 
that this interlayer pair tunneling term  is responsible for th e  high tran sitio n  
tem perature m oxide superconductors. Recent num erical study  [27] shows th a t  
the superconducting correlation is enhanced by the  interlayer coupling term .
Chakravarty et al. [28] studied the interlayer tunneling m echanism  and  
found th a t this mechanism can lead to a high transition  tem p era tu re , an
~ r ™  S U p e r C ° n d u C t i n 6  8 *P »  absence of Hebel-Slichter peak
* MR r*laxat‘on ra te > “  observed in experim ents. They assum ed th a tP nidfr e?k) i”t"“,io”u  ,h e  donli“",, «»u>-piM .
f  ‘ g ‘ f  , “ p  MO'nalou , is0t°p e  effect observed in high-TeSys- 
tems. The interlayer ptu, tunneling enhances the  pairing mechanism by allow­
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ing the  C ooper pairs (form ed due to  e-ph in teractions in th e  p lane) to  tu n n e l 
to an ad jacent layer provided coherent in terlayer single particle  hopping is 
blocked. However, the  fact th a t pe shows m etallic behavior for good m etallic 
superconducting sam ples poses a  serious question to  the  in terlayer pair tu n n e l­
ing m echanism  which stands solely on the  assum ption th a t th e  single particle  
hopping is blocked. For Y-123 com pound a t op tim um  doping Tc is no t affected 
by the  pressure along th e  c-axis; th is does not comply w ith  th e  in terlayer pair 
tunneling  m echanism .
V. Final Remarks
All high-Tc cu p ra te  oxide system s have comm on characteristic  properties. 
Different m odels have been proposed for the  m echanism  of the  superconduc­
tivity and anom alous norm al s ta te  properties of the  cuprates. M ajor groups 
share the  view th a t the  strong correlation is playing an im p o rtan t role for 
the anom alous properties of cuprates. T here are o ther groups who have not 
incorporated  strong  correlation in th eir theories. I t  is no t possible to  cover all 
the theories in th is a rtic le  which is based on a  single talk . Polaronic theory, 
spin-bag theory , spin-fluctuation  m echanism  etc. are no t a t all addressed in 
this article . Large num bers of published papers on different m odels clearly 
show th a t th e  origin of superconductiv ity  in cuprates is yet to  u n d erstan d . 
However analysis of the  experim ental resu lts indicates (a t least to  th e  au th o r) 
th a t th e  m odel based on strong  correlation and e-ph in teraction  is a  po ten tia l 
cand idate  for describing the  high-Tc cupra te  system s.
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